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I. INTRODUCTION
Many researchers attempted analysis of surface SEMG. The most frequently examined parameters were mean power frequency (MF'F), and to a lesser degree Power Spectrum (PS) shape and total power (Pt). However because results were often conflicting [ 11- [5] and group samples examined were small in size, the advantages of SEMG have not been justified that well. The aim of this study is to investigate SEMG simple time and frequency domain parameters on a large group of normal subjects and investigate if they exhibit significant difference at different force levels.
METHODOLOGY
Ninety-one normal subjects aged between 5 and 69 years of age (54 male (m) and 37 female (f)) participated in this study. The subjects were divided in age groups as follows: 5-9 years, 12 subjects Recording set-up. Frequency settings were 20 Hz and 500 Hz for lower and upper cut off frequencies respectively and the sensitivity vaned between 10 and SOOpV/div, depending on the force level of each individual. The sampling frequency was 1000 Hz with 16 bits resolution and the duration of the signal recording was 5 seconds. Recording was carried out using a four-bar EMG active probe with an interelectrode distance of 10 mm and a bar width of 1 mm. The electrode block was placed on the BB in such a way so that the second electrode was at a distance equal with 1/3 of the BB length towards the shoulder. Five different force levels (FL) were used: 10, 30, 50, 70 and 100% of maximum voluntary contraction (MVC).
Signal processing. Six parameters were analyzed: two from the time domain (turns (ts) and zero crossings per second (zc)), and four from the frequency domain (median frequency (fp), frequency at maximum power (fx), maximum power (Px), and total power (Pt)). Differences in the mean values of these six parameters were evaluated using the Wilcoxon matched pair rank test. A two-tailed significance level of 95% (~10.05) was used.
Time domain analysis. The number of ts was defined as the number of slope reversals separated from the previous and the following turn by an amplitude difference greater than 10 pV. The number of zc was defined as the number of sign reversals exceeding a threshold of 10 pV.
Power spectral analysis. This was computed by averaging segments of the signal of 512 points with 25% overlap. The fp divides the area under the PS area in two equal parts, whereas fx is the frequency at the highest PS peak. The Pt was calculated as the area under the curve and the maximum power Px was estimated as the highest value of the PS curve. Table I summarizes the median, and in parenthesis the lower quartile (25%) and upper quartile (75%) range for all six parameters examined for each force level. The median and lower and upper quartiles are given due to the nonGaussian distribution of the data investigated. Table I1 summarizes the results of statistical analysis of the Wilcoxon matched pair rank test between different force levels. In Table 11 , significant difference (S) is given if pS0.05, whereas a non significant (NS) difference is given for p>0.05. Table I results show that: ts, zc, Px, and Pt increase with force level, whereas fp decreases with force level. Moreover, these parameters showed significant difference between the different combinations of the force levels examined (see Table 11 ). Feature fi showed significant difference only between 10 and 30% of MVC. 
RESULTS

As given in
IV. DISCUSSION
The turns per second and the zero crossings were increased significantly with force for all subjects as well as the maximum and total power extracted from the power spectrum of the signals recorded. The median frequency showed a small but significant decrease in value with force, whereas the frequency at maximum power remained fairly constant with non significant difference between force levels except in the 10-30% transition.
Although the mean frequency was generally used by most of the studies, in this study the median frequency was selected for the following reasons: (i) it is more reliable when examining signals affected with noise such as SEMG signals [4] , (ii) since SEMG signals do not present the characteristics of a normal distribution, median frequency should be preferred [6] , and (iii) mean frequency is more influenced from the low pass tissue filtering effect rather than the median frequency [6] . Similar findings to this study regarding the decrease of median frequency with force level were also reported in [7] .
The change of the six parameters computed with age and gender was also investigated, however, non significant differences were identified.
The results of these study suggest that simple parameters, like the turns per second, the zero crossings per second, the median frequency, the power at maximum frequency and the total power differ significantly between the different transitions of 10, 30, 50, 70, and 100 of MVC. These parameters are currently evaluated on SEMG recorded from subjects suffering with neuromuscular disorders.
